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(54) Controlling atmospheres in containers 

(57) A system for controlling the atmosphere in the 
container comprises a membrane separation apparatus 
and a second separation apparatus, adapted to sepa- 
rate nitrogen and to separate carbon dioxide and water 
vapour respectively from a gas mixture in the container 
comprising nitrogen, oxygen, carbon dioxide, water va- 



pour and ethylene. The separated nitrogen is returned 
to the container, as is at least a portion of the carbon 
dioxide and water vapour, so as to produce and/or main- 
tain a pre-determined atmosphere composition within 
the container thereby to prevent spoilage of perishable 
products within the container 
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Description 

The present invention relates to systems for con- 
trolling the atmosphere within containers and more par- 
ticularly to systems for controlling the atmosphere in 
containers used for the storage and transportation of 
perishable produce such as fruit, vegetables and flow- 
ers. 

It is known that during the storage and/or transpor- 
tation of perishable produce its preservation can be en- 
hanced by controlling the atmosphere surrounding the 
produce. For example, it has been found that an atmos- 
phere in which nitrogen predominates is particularly 
useful for controlling the preservation of perishable 
products. Furthermore, in addition to controlling the 
amount of oxygen present in the atmosphere there has 
also be found a need to control the amount of other sub- 
stances which may be present, for example, carbon di- 
oxide and ethylene which might be formed by the pro- 
duce whilst contained within the container. 

In our European Patent Application EP-A-467668 
there is described a system for controlling the atmos- 
phere of a container for use in the storage and/or trans- 
portation of perishable goods. The system includes ad- 
sorption means in the form of a plurality of beds, each 
bed being designed preferentially to adsorb from the at- 
mosphere one or more of water vapour carbon dioxide, 
oxygen and ethylene. Some of the beds are designed 
to work on a temperature swing adsorption cycle and at 
least one bed is designed to operate on a pressure 
swing adsorptbn/desorption cycle. Although the system 
described in our earlier application achieves all of the 
requirements in terms of atmosphere control it remains 
complicated and somewhat bulky. 

As a simpler alternative to such adsorption/desorp- 
tion, systems incorporating semi-permeable mem- 
branes have been employed; known plants for the sep- 
aration of gas mixtures, for example, air, by such mem- 
branes are constructed so as to present a large surface 
area of membrane to the air to be separated. 

For example, such plants may employ a multitude 
of identical, elongate, hollow fibres which are formed 
from a suitable semi-permeable membrane and which 
exjend in parallel to one another. The fibres are usually 
mounted in and typically extend from one end to the oth- 
er of a pressure vessel. The air to be separated is fed 
under pressure into a header at or adjacent one end of 
the fibres so that it flows longitudinally through the fi- 
bres. The ins ides of the fibres are maintained at a higher 
pressure than that which obtains on the outside of the 
fibres: The components of the air diffuse through the 
% men%ranes . at different speeds such that as the air 
^ jesses along the inside of a membrane so a faster per- 
"l^ieating component, for example, oxygen, passes more 
^ and more to the low pressure side. Accordingly, a nitro- 
gen rich product gas in the order of 99.5% by volume 
nitrogen may be withdrawn under pressure from the end 
of the pressure vessel opposite that at which the feed 



gas is introduced. 

Membrane systems are generally used in two con- 
figurations to control the amount of oxygen within food 
transport containers: 

5 

a) to separate nitrogen from the atmosphere sur- 
rounding the container and adding it to the container 
to displace oxygen, or 

io b) to separate nitrogen from the atmosphere within 
the container and recirculating the separated nitro- 
gen back into the container to displace oxygen. 

In both configurations, the remaining, nitrogen-de- 
is pleted atmosphere is usually vented to environment. 
Such systems suffer from the fact that the membranes 
are highly permeable to carbon dioxide (and water va- 
pour), which therefore tends to pass through the system 
with the non-nitrogenous part of the atmosphere and is 
20 then vented; this leads to carbon dioxide- and water va- 
pour-depletion of the atmosphere within the container, 
which is damaging to certain high quality perishable 
products. Accordingly, in practice system a) is usually 
employed on an intermittent basis so that too much car- 
2S bon dioxide is not lost, but this is relatively crude, inef- 
ficient and unable to maintain the accurate control of at- 
mosphere composition which is necessary for high qual- 
ity food products. System b) is not often employed, be- 
cause the loss of carbon dioxide and water vapour is 
30 much greater than with system b). 

It is an aim of the present invention to address the 
above problems, and to provide a simple and effective 
system which will achieve independent control of the 
gases likely to be found in the atmosphere of a container 
35 for perishable goods. 

Accordingly, the present invention provides a meth- 
od for modifying the composition of a gas mixture com- 
prising nitrogen, oxygen, carbon dioxide, water vapour 
and ethylene contained in a chamber, the method 
40 comprising : pressurising a portion of said atmosphere; 
passing said pressurised atmosphere through an appa- 
ratus for separating air by means of semi-permeable 
membranes through which the components of the air dif- 
fuse at different speeds and adapted to separate nitro- 
ns gen from the said pressurised atmosphere; returning 
said separated nitrogen to the chamber, passing said 
nitrogen-depleted pressurised atmosphere to an appa- 
ratus adapted to separate the carbon dioxide and the 
water vapour from the oxygen and ethylene; returning 
50 at least a portion of said carbon dioxide and said water 
vapour to the chamber, and venting said oxygen and 
ethylene to environment. 

The chamber may be a standard ISO transportation 
container, but for the avoidance of doubt, the word B con- 
55 tainer* used throughout this specification is intended to 
embrace not only individual containers but also en- 
closed parts of warehouses, ships holds and the like. 
Such an arrangement provides a way of recapturing 
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the carbon dioxide from the stream of gas withdrawn 
from the container using a small and relatively simple 
membrane system, which system can produce and 
maintain any desired gas composition within the con- 
tainer. 

Preferably the second apparatus, that for separat- 
ing the carbon dioxide and the water vapour, also com- 
prises a module containing semi-permeable mem- 
branes, although an alternative arrangement in which 
the second apparatus is a pressure swing adsorption 
(PSA) device may be more appropriate for some appli- 
cations, or for producing particular gas compositions 
within the container 

The amount of carbon dioxide and water vapour re- 
turned to the container may be controlled by means 
adapted automatically to vary the amount of gas re- 
turned in response to signals indicative of the gas com- 
position sensed within the container. For example, cer- 
tain food products will continue to respire carbon dioxide 
accompanied by carbon dioxide in a nitrogen-rich at- 
mosphere, and to prevent the carbon dioxide concen- 
tration within the container reaching a level at which 
damage might be caused to the product it would be nec- 
essary to reduce the amount of separated gas returned 
to the container. This can be achieved by a simple sys- 
tem comprising sensors for measuring the gas compo- 
sition in the container and connected to a suitably-pro- 
grammed microprocessor which actuates valves to vary 
the return of separated carbon dioxide and water vapour 
according to the (pre-programmed) requirements of a 
particular food product. 

An embodiment of the invention will now be de- 
scribed, by way of example, reference being made to 
the Figure of the accompanying diagrammatic drawing 
which is a schematic diagram of a system for controlling 
the atmosphere within a container. 

As shown in the schematic Figure, a system for con- 
trolling the atmosphere in a container 1 for perishable 
goods such as fruit, vegetables and flowers comprises 
a compressor 3 for drawing in air from within the con- 
tainer 1 and feeding it under pressure along line 5 to a 
membrane separation module 7. The membrane sepa- 
ration module 7 is adapted so as to permit oxygen, car- 
bon.dioxide, ethylene and water vapour to permeate 
thrbugh the membranes to the low pressure side of the 
module and to produce a nitrogen -rich product gas at 
the high pressure side of the module, as is generally 
known in the art. The nitrogen-rich product gas exits 
module 7 along line 9 and is returned to the interior of 
the container as shown by the Arrow A, under the con- 
trol of valve 11. 

: 3$ e . .fjrtrogen-depleted product gas exits from the 
■|c^; pressure side of module 7 via line 13 and passes 
^^realorig, via valve 1 5 to a second separation mem- 
brane module, or cartridge, 17. Membrane module 17 
is adapted to permit carbon dioxide and water vapour to 
permeate through to the low pressure side, these being 
returned to the interior of the container 1 as shown gen- 



erally by Arrow B. The remainder of the gas fed to mod- 
ule 17, principally oxygen and ethylene, exits the high 
pressure side of module 17 via line 19, and under the 
control of valve 21 , to vent to the environment outside 
s the container 1 as shown generally by the Arrow C. 

Those skilled in the art of membrane separation will 
be aware that the separation effected by membrane de- 
vices is susceptible to the pressure at which the feed 
gas is supplied thereto. The pressure at which the nitro- 
io gen-depleted gas is fed to module 17 will affect the 
amount of carbon dioxide which permeates through to 
the low side of module 1 7 to be returned to the container 
1 (water vapour, having the higher permeability, will be 
returned, via the low pressure side of module 17, to the 
15 container 1 ). Thus valve 1 5 can be set so as to deter- 
mine whether the carbon dioxide is returned to the con- 
tainer 1 or vented to the environment outside. 

In operation the illustrated system provides the con- 
tainer 1 with a gaseous atmosphere having a predomi- 
nant amount of relatively inert nitrogen, so as to prevent 
the tendency of perishable food stuffs such as fruits and 
vegetables contained within container 1 to consume ox- 
ygen and, over time, to spoil. By actuating valve 15 the 
proportion of carbon dioxide returned to the container 
can be controlled, depending upon the requirement of 
the perishable food stuffs within the container, and on 
the composition of the atmosphere within the container 
as sensed by sensor 23. Due to factors such as leakage 
through the walls of the container, the compression of 
the atmosphere within the container will vary with time. 
For example, an initially nitrogen-rich, oxygen depleted 
atmosphere will gradually revert to the nitrogen/oxygen 
concentration in ambient air. Suitably, a controller 25, 
such as an appropriately programmed microprocessor 
is operatively connected to compressor 3 valves 11 , 15 
and 21 and sensor(s) 23 so as automatically to control 
the amount of nitrogen and/or carbon dioxide and water 
vapour returned to the atmosphere within the container 
1. 

A regenerative desiccant (not shown) may be pro- 
vided, upstream of compressor 3 or in line 5 so as to 
absorb any free water in the air drawn into the system 
on start up, which free water could block the pores in 
the membrane by capillary action. Once the system has 
reached a steady temperature the relative humidity of 
the feed air into compressor 3 would drop and thus de- 
sorb the moisture from the regenerative desiccant 

Having described one embodiment of the present 
invention, those skilled in the art will readily envisage a 
number of modifications. For example, the second 
membrane module 17 may readily be replaced with a 
pressure swing absorption device of the type known in 
the art for separating carbon dioxide and water vapour 
from a gas stream comprising those gases together with 
oxygen and ethylene. The PSA device may comprise 
two vessels, essentially in series, one acting as an ab- 
sorber for water vapour and the second as an absorber 
for carbon dioxide (alternatively the first and second ab- 
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sorbers connect to absorb carbon dioxide and ethylene, 
respectively). Such a system would be less compact 
than systems comprising two membrane modules, but 
could provide a significantly increased throughput. The 
two membrane module system or the hybrid membrane 
module/PSA device system, can be arranged with the 
appropriate valves and compressors so as to operate in 
the recycle mode, giving a higher output than in conven- 
tional membrane separation systems using the simple 
gas supply mode. 



Claims 

1 . A method for modifying the composition an atmos- 
phere comprising nitrogen, oxygen, carbon dioxide, 
water vapour and ethylene contained in a chamber, 
the method comprising : 

a) pressurising a portion of said atmosphere; 

b) passing said pressurised atmosphere 
through an apparatus adapted to separate ni- 
trogen from the said pressurised atmosphere 
by means of semi-permeable membranes 
through which the components of the air diffuse 
at different speeds; 



5. Apparatus for carrying out the method as claimed 
in Claim 1, 2 or 3 wherein the apparatus for sepa- 
rating the carbon dioxide and the water vapour from 
the oxygen and the ethylene comprises a pressure 

s swing absorption apparatus. 

6. Apparatus as claimed in Claim 4 wherein the appa- 
ratus for separating the carbon dioxide and the wa- 
ter vapour and the apparatus for separating nitro- 

10 gen are connected so as to be operable in a recycle 
mode. 

7. Apparatus as claimed in any one of Claims 4 to 6 
comprising means for sensing the composition of 

is the atmosphere within the chamber and control 
means adapted, in response to the sensed compo- 
sition, to vary the amount of carbon dbxide and wa- 
ter vapour returned to the chamber so as to produce 
and/or maintain a predetermined atmosphere com- 

20 position within the chamber 



25 



c) returning said separated nitrogen to the 
chamber; 30 

d) passing said nitrogen-depleted pressurised 
atmosphere to an apparatus adapted to sepa- 
rate the carbon dioxide and the water vapour 
from the oxygen and ethylene; zs 

e) returning at least a portion of said carbon di- 
oxide and said water vapour to the chamber, 
and 

40 

f) venting said oxygen and ethylene to environ- 
ment. 

2. v, A method as claimed in Claim 1 comprising sensing 

the composition of the atmosphere within the cham- *s 
ber and varying the amount of carbon dioxide and 
water vapour returned thereto to thereby produce 
and/or maintain a predetermined atmosphere com- 
position within the chamber. 

so 

3. & method as claimed in Claim 1 or 2 wherein the 
V^.v-v: Chamber is ah ISO goods transport container. 

* v .fv • • \ 

*|Jk > Apparatus for carrying out the method as claimed 
£' r< " : in Claim 1 , 2 or 3 wherein the apparatus for sepa- ss 
rating the carbon dioxide and the water vapour from 
the oxygen and the ethylene comprises a semi-per- 
meable membrane device. 
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(54) Controlling atmospheres in containers 

(57) A system for controlling the atmosphere in the 
container comprises a membrane separation apparatus 
and a second separation apparatus, adapted to sepa- 
rate nitrogen and to separate carbon dioxide and water 
vapour respectively from a gas mixture in the container 
comprising nitrogen, oxygen, carbon dioxide, water va- 



pour and ethylene. The separated nitrogen is returned 
to the container, as is at least a portion ot the carbon 
dioxide and water vapour, so as to produce and/or main- 
tain a pre-determined atmosphere composition within 
the container thereby to prevent spoilage of perishable 
products within the container. 
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